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Abstract 

Background. Incidence and long-term outcomes of choledochal malformations (CMs) in children 

remain unclear.  

Methods. Clinical characteristics, operative details, complications, and follow-up data were 

collected from eight pediatric surgical centers in Sweden, Norway, Denmark, and Finland, which 

also answered a questionnaire addressing management practices. 

Results. During 2000-2017, 126 pediatric CMs were diagnosed, corresponding an incidence of 

1:37,400. Diagnostic, treatment, and follow-up practices varied markedly. Of patients with 

complete clinical data (n=119), 85% and 11% had type I and IV CMs and were managed by open 

hepaticojejunostomy at median age of 2.5 (interquartile range 0.46-5.8) years. Associated 

malformations were more common in fusiform and type IV (23%) than cystic CMs (8%, p=0.043). 

Pancreaticobiliary maljunction was more frequently confirmed in patients presenting with 

pancreatitis (26% vs. 7%, p=0.005) and with fusiform CMs (56% vs. 25%, p=0.001). 

Cholangitis/pancreatitis episodes, occurring in 12% during postoperative follow-up of 4.0 (2.0-7.9) 

years, associated with longer surveillance (OR 1.32, 95% CI 1.13-1.54, p<0.001). However, only 

two thirds of centers continued follow-up until adulthood. No malignancies were reported. 

Conclusions. CM incidence was higher than traditionally reported among Western populations. 

Although open hepaticojejunostomy carries good short-term outcomes, long-term morbidity is 

noteworthy. Standardized evidence-based management strategies and long-term follow-up are 

encouraged.  

  



Choledochal malformations (CMs) are rare congenital dilatations of the biliary tree occurring in 

females in the majority of cases (1). Most CMs present during childhood with abdominal pain, 

jaundice, or pancreatitis (2, 3). The incidence of CMs is highest in Asia, approximating 1:1,500, 

while CMs have been traditionally described to occur in about 1:100,000-150,000 in the Western 

populations (1). Recent European studies, however, report CM incidence rates of 1:40,000-1:60,000 

(4, 5). Up to 80% of CMs present as cystic or fusiform dilatations of the common bile duct (types 

1c and 1f) while biliary tree dilatation less commonly extends to the intrahepatic ducts (type 4) (1, 

6, 7). A pancreaticobiliary maljunction (PBM); an abnormally premature union of the pancreatic 

and the biliary duct outside the duodenal wall, can be detected in most CM patients (8, 9). By 

obstructing bile flow and allowing pancreatic juice reflux to the common bile duct, a PBM is 

thought to increase the risk for malignant transformation in the biliary epithelium (10). 

 

Although biliary malignancies are seldom detected in children with CMs, they occur in at least 10% 

of patients presenting in the adult age (11). To reduce the risk for biliary tract cancer and other CM 

complications, cyst excision with a Roux-en-Y hepaticojejunostomy is recommended for all type 1 

and 4 CMs (11). Despite cyst removal and successful reconstruction, the risk for cancer is not 

entirely abolished (11-13). For the rarest CM subtypes - common bile duct diverticula and 

choledochocele - with a low risk for malignant transformation, simple surgical excision or 

endoscopic discision are considered adequate approaches (11, 14). Whether an isolated PBM 

without proximal dilatation warrants removal of the extrahepatic biliary tree or could be managed 

by cholecystectomy alone to decrease the risk for subsequent gallbladder cancer remains 

controversial (15, 16). 

 

Due to the rarity of CMs in the Western world, no uniform management protocols or guidelines 

exist while long-term sequels of pediatric CMs remain unclear. Larger follow-up studies are needed 



to reliably assess the incidence rates and management in relation to current outcomes for bench 

marking and to further improve treatment of pediatric CMs. The present multicenter study 

addressed the incidence, disease characteristics, management strategies, follow-up practices, and 

clinical outcomes of pediatric CMs in the Nordic countries.  

  



Methods 

Study design 

This was a retrospective international multicenter study performed in Finland, Sweden, Norway, 

and Denmark including all children diagnosed with CMs during 1.1.2000 and 30.6.2017. All 

pediatric surgical centers in the Nordic countries potentially managing CMs (n=12) were invited to 

participate. One pediatric surgeon from each participating center answered the questionnaire and 

collected patient data.  

Questionnaire data 

The first part of the study concerning CM and PBM management protocols included 12 questions 

about diagnostic methods, surgical approach, and follow-up practices (Supplement 1).  

Patient data 

Medical patient records were reviewed for clinical baseline data, diagnostic methods, type of CM 

according the King’s College modification of the Todani classification (6, 7), the presence of other 

congenital malformations, and surgical details. The imaging findings were specifically assessed for 

the presence of a PBM. Bile leaks, hemorrhages requiring blood transfusions, and any surgical 

complications requiring relaparotomy were defined as early postoperative complications. 

Postoperative history of cholangitis or pancreatitis episodes was defined as late complications. In 

addition, occurrence of hepatobiliary malignancies, survival status, and liver biochemistry including 

plasma alanine aminotransferase (ALT) and bilirubin concentrations were recorded at last follow-

up.  

Statistical methods 

Categorical data are presented as median with interquartile range (IQR) and continuous data as 

frequencies. Mann-Whitney U test was used when comparing continuous variables while Fisher 

exact when comparing categorical variables with each other. CM incidence rates during the follow-



up period were estimated according to national annual birth rates in the Nordic countries (17-20). 

Since data collection extended until June 2017, birth rate data from 2017 was restricted from 

January to June. The observed change in CM incidence during follow-up was analysed with the 

Chi-squared test. The associations between different variables of interest and postoperative 

complications were analysed with logistic regression by calculating odds ratios (OR) with 95% 

confidence intervals (CI).  

Ethics 

The study protocol was approved by the ethical committees or Institutional Review Board of each 

participating center. 

  



Results 

Diagnostic and management strategies  

Eight largest Nordic pediatric surgical centers, serving populations of 1.1-2.9 million inhabitants, 

replied. At time of the survey, CMs were operated by one to two surgeons in two to five centers in 

each country. Magnetic resonance cholangiopancreatography (MRCP) was the preferred 

preoperative diagnostic method in all participating centers, whereas three routinely performed 

ERCP and in half of the centers an intraoperative cholangiography or choledochoscopy was 

routinely performed (Table 1). The preferred reconstruction was open hepaticojejunostomy in all 

centers. Four out of the eight participating centers preferred to operate antenatally detected CMs 

before the age of 6 months. Definition of PBM and its management varied widely (Table 1). Half of 

the responders would recommend a hepaticojejunostomy for patients with symptomatic isolated 

PBMs, while when associated with very mild symptoms, an isolated PBM was approached either 

with hepaticojejunostomy, removal of gallbladder, or merely follow-up (Table 1).   

 

Incidence of CMs 

Altogether 126 children were diagnosed with CMs during the study period. When related to 

national birth rates in the Nordic countries, this corresponds to an incidence of 1:37,400 (17-20). 

Seven patients were excluded from further analyses because of incomplete medical records (n=1) or 

missing parental consents (n=6). Based on the remaining 119 patients, CM incidence showed no 

significant change over the follow-up time (χ2 test p=0.688) and the proportions of fusiform and 

cystic CMs remained stable (χ2 test p=0.383, Figure 1).  

 

Baseline characteristics 



Most patients were Caucasian (86%), presented with jaundice (37%) or abdominal pain (26%), and 

had type 1c (41%) or 1f (44%) CMs (Table 2). Male-to-female ratio was 1:2.5. A CM was 

suspected antenatally in 21 patients (18%), three of whom became symptomatic before operative 

management was scheduled and underwent hepaticojejunostomy at age of 0.3, 1.7, and 3.0 years. 

Jaundice tended to be a more common presenting symptom among patients with fusiform (21/52, 

40%) than other type of CMs (16/66, 24%, p=0.073). Associated malformations, most often other 

gastrointestinal malformations, were diagnosed in 18% of patients (Table 2) and were more 

frequent among children with fusiform (n=12/52) and type 4 (n=3/13) than cystic CMs (n=4/49, 

p=0.043). A PBM was preoperatively diagnosed in 39% of patients, one of whom had a type 2 CM 

and others type 1 or 4 CMs. PBM patients presented more often with pancreatitis (n=12/46 vs. 

n=5/72, p=0.005) and had more frequently fusiform CMs (n=29/52, 56% vs. 17/67, 25%, p=0.001) 

compared to others (Figure 2).  

 

Surgical management 

All patients whose extrahepatic bile ducts were removed underwent a hepaticojejunostomy 

reconstruction (Table 3). One patient was managed laparoscopically while all others with open 

surgery. Cholecystectomy with choledocholithotomy was performed in one patient with a fusiform 

CM. Patients with type 2 CMs underwent either simple excision of the cyst (n=2) or 

hepaticojejunostomy (n=1). Patients with type 3 CMs were managed conservatively (n=1) or 

endoscopically (n=1). As many as 41% of patients (n=46) did not undergo intraoperative 

cholangiography or choledochoscopy nor preoperative ERCP. Antenatally detected CMs were 

operated at younger age than others [0.25 (0.10-0.95) vs. 3.6 (0.80-6.6) years, p<0.001] while 

children presenting with cholangitis [6.9 (4.1-11.9) vs. 2.0 (0.31-4.9) years, p=0.006] or pancreatitis 

[4.7 (3.8-11.4) vs. 1.8 (0.30-4.9) years, p<0.001] and those preoperatively diagnosed with a PBM 

[4.7 (3.0-8.8) vs 1.7 (0.20-3.8) years, p<0.001] were older than others at time of surgery (Figure 2 



and Supplementary Figure). Altogether 42 patients (37%) were operated before the age 1 year and 

29 (26%) before the age six months.  

 

Postoperative complications and follow-up results 

Altogether 12% of operated patients were registered with early surgical complications, of which 

bile leak was the most common (Table 3). Relaparotomies (5.3%) were performed for bile leaks 

(n=3), internal herniation (n=2), and for one unspecified complication. Postoperative pancreatitis 

and/or cholangitis episodes had been registered in 14 children (12%) after median postoperative 

follow-up of 4.0 (2.0-7.9) years. The frequency of pancreatitis/cholangitis episodes was 21% among 

patients with a postoperative follow-up time exceeding five years (n=10/48). Their occurrence was 

unrelated with early surgical complications but associated with elevated follow-up ALT and 

bilirubin levels (OR 9.40, 95% CI 2.03-43.5, p=0.004) as well as increasing follow-up time (OR 

1.32, 95% CI 1.13-1.54, p<0.001) (Table 3). The risk for any complications was higher among 

patients with fusiform (16/49 operated patients) than other type of CMs (9/64 operated patients; OR 

2.96, 95% CI 1.18-7.46, p=0.021), whereas the presence of associated malformations, PBM, and 

presenting symptoms were unrelated with complications. Age at surgery was similar between 

patients with and without early or late postoperative complications, bile leaks, or relaparotomies 

(p=ns for all). 

 At last follow-up at age of 8.3 (4.7-12.7) years, median bilirubin level was 5.0 (4.0-8.0) µmol/L 

and ALT 21 (17-27) IU/L, either one being mildly elevated in altogether eight patients (Table 3). 

None of the patients managed without surgery showed abnormal liver biochemistry. No 

malignancies were detected and one patient had died for reasons unrelated with CM.  



Discussion 

Our results demonstrate that the incidence of CMs in the Nordic countries is at least 1:37,000, 

clearly exceeding the previously published estimates in the Western world. Although MRCP-based 

diagnostics and open hepaticojejunostomy were uniformly established in all centers, use of 

intraoperative cholangiography, management of isolated PBMs, timing of surgery, and 

postoperative follow-up practices varied markedly. Fusiform CMs were more frequently related 

with PBM and other congenital malformations than other CM subtypes. Although early 

postoperative complications were uncommon, one fifth of patients whose follow-up time exceeded 

five years had experienced pancreatitis or cholangitis episodes underscoring the importance of 

continuing follow-up and transition.  

 

The incidence of CMs in the Western world has been traditionally described to approach 1:100,000, 

however, these estimates rest on reports dating back to 1980s when no appropriate studies on CM 

epidemiology had been performed (21-23). Recent European national cohorts suggest CM incidence 

rates varying between 1:40,000-60,000 (4, 5), corresponding to that of 1:37,000 observed in the 

present study. The actual occurrence of CMs in the Nordic may even be somewhat higher, since 

cases could have been treated in the four smaller centers which did not participate. Whether these 

findings are due to a true rise in CM incidence or merely reflect improved diagnostics and imaging 

methods over time remains uncertain. 

 

The frequency of associated malformations was somewhat higher among the Nordic CM patients 

than previously reported (3, 24). The finding that not only PBM but also other congenital 

malformations are associated more often with fusiform than other CM subtypes is a novel finding 

and could be related to their different etiopathogenesis (1). CMs may also associate with certain 



genetic mutations (25, 26). Unfortunately, genetic testing results were not systematically registered 

in the present study.  

 

Demonstration of PBM anatomy is necessary in CM patients in order to remove the intrapancreatic 

bile duct as distally as possible while avoiding pancreatic duct injury (9, 27). In addition, reliable 

identification and removal of ductal stones during surgery is important (2). Preoperative MRCP had 

been performed in all of our study patients while only about half underwent intraoperative 

cholangiography or choledochoscopy or preoperative ERCP. However, MRCP in children may miss 

as many as 40% of PBMs while their detection rate by cholangiography or ERCP approaches 90% 

(9, 28-30). Indeed, the prevalence of PBM in CM patients may be as high as 80% (8, 31). 

According to our findings, PBM is more probable among patients with fusiform CMs and those 

presenting with pancreatitis, suggesting particularly such patients require either preoperative ERCP 

or intraoperative imaging.  

 

Hepaticojejunostomy is the gold standard management approach for all type 1 and 4 CMs (3, 11) 

and carries postoperative complication rate between 10% and 30% in children (4, 8, 31-34). Our 

overall incidence of operative complications (12%) and re-laparotomy rate of 5.3% compare well 

with the previous literature. Age at surgery in our study was similar to that in the recent national 

cohort from the Netherlands (4) but lower compared to earlier series where higher proportions of 

patients have presented with cholangitis and pancreatitis (3, 31, 32). Considering that presentation 

with such infectious complications may relate with worse long-term outcomes (29) and is more 

common in adult CM patients who are also prone to postoperative complications (31), timely 

surgery for CMs appears advisable. The optimal age for hepaticojejunostomy among the increasing 

proportion of antenatally diagnosed patients remains unclear (6, 35). Recent studies have found 

higher complication rates among antenatally diagnosed patients weighting <5.6 kg at time of 



surgery as well as among children operated before the age of 1 year (4, 35). The proportion of 

antenatally diagnosed Nordic CM patients was comparable to recent European cohorts (6, 35) and 

although they were operated at median age of only 0.25 years, age was unrelated with complication 

rates. Since laparoscopic hepaticojejunostomy has been reported to associate with postoperative 

biliary strictures and cholangitis (4), use of laparoscopy in centers operating only few CMs annually 

may not be reasonable. 

 

In line with the finding that most biliary cancers related with CMs develop during adulthood (11), 

no malignancies were detected among our patients by median age of eight years. Postoperative 

follow-up was reported to continue until adulthood in only two thirds of the centers. Indeed, 

although data were collected over an 18-year time span during which CM incidence remained 

stable, median duration of postoperative follow-up was only four years, demonstrating discontinued 

follow-up in many patients. Long-term surveillance seems recommendable for all type 1 and 4 

CMs, which relate with an approximately 2% risk for malignant transformation in the biliary 

epithelium even after hepaticojejunostomy (11, 36). At present, however, the efficacy of regular 

screening protocols remains unknown (36).  

 

To our knowledge, this is the largest pediatric CM sample in the Western world. However, since the 

smallest pediatric surgical centers did not participate, our study likely does not cover all CM 

patients managed in the Nordic countries during the follow-up time period. Among other limitations 

are the retrospective study design, which may cause bias particularly if registering practices varied 

between centers, as well as the relatively short median follow-up time, possibly underestimating the 

occurrence of long-term complications. 

  



This study demonstrates that the incidence of CMs in the Nordic countries is almost three times 

higher than has been traditionally described in the Western world. Although MRCP-based 

diagnostics and management of pediatric CMs by hepaticojejunostomy were established in all 

centers and carried good short-term outcomes, a significant and increasing proportion of patients 

were affected by cholangitis and pancreatitis in the long-term. Variable practices in imaging of the 

ductal anatomy, management of isolated PBM, and postoperative follow-up advocate a need for 

consensus guidelines for pediatric CMs.  
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Number of operating surgeons/center 

1 

2 

 

3 (37.5) 

5 (62.5) 

Preferred age at surgery (antenatally detected) 

<6 months 

<12 months 

<24 months 

N/A 

 

4 (50) 

2 (25) 

1 (12.5) 

1 (12.5) 

Routinely performed imaging 

Ultrasound 

MRCP 

ERCP 

CT 

Intraoperative cholangiography or choledochoscopy 

 

6 (75) 

8 (100) 

3 (37.5) 

1 (12.5) 

4 (50) 

PBM definition at the age of 5 years (common channel length) 

4-6 mm 

6-10 mm  

>10 mm 

N/A 

 

1 (12.5) 

3 (37.5) 

3 (37.5) 

1 (12.5) 

Preferred management of CMs 

Open hepaticojejunostomy 

 

8 (100) 

Preferred management of symptomatic isolated PBM 

Hepaticojejunostomy 

ERCP and stenting 

N/A 

 

4 (50) 

3 (37.5) 

1 (12.5) 

Preferred management of asymptomatic isolated PBM 

Hepaticojejunostomy 

Gallbladder removal 

No surgery; follow-up 

N/A 

 

1 (12.5) 

2 (25) 

3 (37.5) 

2 (25) 

Included in the postoperative follow-up protocol 

Abdominal ultrasound 

MRCP 

Liver biochemistry 

Tumor markers 

 

8 (100) 

4 (50) 

7 (87.5) 

2 (25) 

Length of the postoperative follow-up 

During childhood only 

Follow-up until adulthood and transition 

 

3 (37.5) 

5 (62.5) 

Table 1. Management protocols of choledochal malformations (CM) and pancreaticobiliary 

maljunction (PBM) in eight Nordic centers. CT, computed tomography; ERCP, endoscopic 

retrograde cholangiopancreatography; MRCP, magnetic resonance cholangiopancreatography  



Patients, total n=119 n (%) 

Sex, n (%) 

Male 

Female 

 

35 (29) 

84 (71) 

Ethnicity 

Caucasian 

Asian 

African 

South American 

North American  

Other 

 

102 (86) 

7 (5.9) 

6 (5.0) 

2 (1.7) 

1 (0.8) 

1 (0.8) 

Patients with associated malformations, n (%)1 21 (18) 

Associated malformations, n (%) 

Renal / urinary 

Anorectal 

Duodenal atresia / annular pancreas 

Other gastrointestinal malformations 

Cardiac 

Others2 

34 (100) 

7 (21) 

3 (8.8) 

4 (12) 

5 (15) 

7 (21) 

8 (24) 

CM type, n (%) 

1c 

1f 

2 

3 

4 

 

49 (41) 

52 (44) 

3 (2.5) 

2 (1.7) 

13 (11) 

Clinical presentation, n (%) 

Antenatal diagnosis3 

Abdominal pain / vomiting 

Jaundice 

Cholangitis4  

Pancreatitis4 

Incidental finding 

Other5 

Unknown 

 

18 (15) 

26 (22) 

37 (31) 

8 (6.7) 

17 (14) 

11 (9.2) 

4 (3.4) 

1 (0.8) 

Diagnostic studies, n (%) 

MRCP 

ERCP 

CT 

Intraoperative cholangiography 

 

108 (91) 

24 (20) 

10 (8.4) 

58 (52) 

PBM detected preoperatively, n (%) 46 (39) 

 

Table 2. Characteristics of patients with choledochal malformations (CM).  



1Including nine patients with several congenital malformations 

2including cleft lip and palate, teratoma, Laurence-Moon-Bardet-Biedl syndrome, choanal atresia, 

microtia, musculoskeletal malformations, tracheo-esophageal fistula, and central nervous system 

malformations 

3CM was detected antenatally in 21 patients, of whom three developed symptoms before scheduled 

surgery 

4Three patients presented with both cholangitis and pancreatitis 

5other symptoms included fever (n=1), perforation (n=1), ascites (n=1), and weight loss (n=1)  

  



Operated patients, total n=113  

Age at surgery (years) 2.5 (0.46-5.8) 

Type of surgery, n (%) 

Hepaticojejunostomy 

Cyst excision 

Sphincterotomy 

Cholecystectomy 

 

109 (92) 

2 (1.7) 

1 (0.8) 

1 (0.8) 

Early complications, n (%) 

Bile leak 

Hemorrhage 

Internal herniation 

Other* 

13 (12) 

9 (8.0) 

1 (0.9) 

2 (1.7) 

1 (0.9) 

Early complications requiring relaparotomy, n (%) 6 (5.3) 

Late complications, n (%) 

Cholangitis / pancreatitis episodes 

 

14 (12) 

Elevated ALT (>40 IU/L) at last follow-up, (%)** 6 (5.4) 

Elevated bilirubin (≥20 µmol/L) at last follow-up, n 
(%)** 

8 (7.1) 

Malignancy, n (%) 0 (0) 

Table 3. Operative details and postoperative complications of patients undergoing surgery for 

choledochal malformations. Age reported as median with interquartile range. 

*one unspecified complication requiring relaparotomy 

** bilirubin and ALT at follow-up missing for one patient 

 

 


